Case ascertainment is based on multiple sources (neurologic departments, hospital discharge archives, and mortality records). Incidence rates are age and sex standardized for the Italian population of the 2011 census. Age-period-cohort (APC) analysis was performed using a Poisson regression model.
A myotrophic lateral sclerosis (ALS) is a degenerative disorder of the central nervous system characterized by progressive muscle loss caused by the involvement of lower (spinal and bulbar) motor neurons and pyramidal signs caused by the involvement of upper (cortical) motor neurons. Approximately 50% of patients have different degrees of cognitive impairment, ranging from dysexecutive impairment to frontotemporal dementia. 1, 2 Amyotrophic lateral sclerosis is familial in 10%
of cases and apparently sporadic in the remaining 90%. 3 Overall, besides the genetic forms, the cause(s) of ALS still remains elusive. Several exogenous factors have been proposed, namely, cigarette smoking, exposure to electromagnetic fields, heavy metals, organic chemicals, professional sports, occupations related to strenuous work, physical traumas, and personal characteristics, such as lower body mass index and lower educational level, but none of these, with the possible exception of smoking in women, is definitely causative of the disease. 4 Descriptive epidemiologic studies, in particular on long-term trends of incidence and prevalence rates, may help to elucidate the respective role of genes and environment in the pathogenesis of ALS.
Although the epidemiology of ALS has been widely studied, in particular in Western countries, 5, 6 there are few data on the long-term epidemiologic trends of ALS. The Piemonte and Valle d'Aosta Register for ALS (PARALS) was established in 1995 to assess the epidemiology of the disease in 2 regions of Northwestern Italy. 7 The register is still active and, over time, has used the same method of patient ascertainment. The aim of this study was to examine the 20-year epidemiologic trends of ALS in Piemonte and Valle d'Aosta, Italy, assessing its demographic variations.
Methods
The PARALS is a prospective register of all cases of ALS in the Piemonte and Valle d'Aosta regions of Italy (total population at the 2011 national census, 4 476 931; total area, 28 692 km 2 
Sources of Cases
The primary sources of cases are the 2 tertiary ALS centers (ALS expert centers), located in Torino and Novara, and the neurology departments of the 2 regions. Every 6 months, a search is also performed for ALS diagnoses (International Classification of Diseases, Ninth Revision [ICD-9] code 335.2) at the Piemonte and Valle d'Aosta Hospital Discharge Archives, which include information about all patients discharged by public and private hospitals of the 2 regions; for reimbursement reasons, the hospital discharge archives also collect data on the hospital admissions of patients resident in the 2 regions who have been admitted to public and private hospitals located in other Italian regions. Annually, a search is also performed for mortality data from the Italian Statistical Bureau (ICD-9 code 335.2). Clinical records of cases found through secondary sources are obtained from the admitting hospitals and the patients' general practitioner. Relevant clinical information for each case is evaluated to verify whether the patient meets the eligibility criteria. All living patients have been contacted by telephone and visited by one of us (C.M., S.C., A.I., or E.B.) involved in the study.
Diagnostic Criteria
The diagnosis of ALS was originally based on the El Escorial Criteria (EEC), 8 but after 2000, patients were also classified according to the revised El Escorial Criteria (EEC-R). 9 Patients are included in the PARALS if they meet the diagnosis of definite, probable, or probable laboratory-supported ALS according to the EEC-R at any stage of the disease. Electromyographic records of cases diagnosed before 2000 have been evaluated to reclassify suspected or possible ALS according to the EEC-R.
Follow-up
Follow-up visits of each patient are performed at regular intervals (2-4 months). Local investigators use an ad hoc questionnaire to collect patients' demographic data, disease history, and neurologic and laboratory findings, including ALS functional rating scale and treatments. At each visit, the EEC or EEC-R diagnosis is verified and updated. Patients' date of death is obtained from the municipality offices where they resided.
Age-Period-Cohort Analysis
To further investigate the trends in incidence rates of ALS, an age-period-cohort (APC) analysis was performed. Temporal incidence trends are determined by the merged effects of age, period, and birth cohort. Because of the exact linear dependency
Key Points
Question Are the incidence and prevalence of amyotrophic lateral sclerosis changing over time?
Findings In this epidemiologic register-based study of 2702 patients in Italy, the crude incidence rate of amyotrophic lateral sclerosis increased by 14% during the 1995 to 2014 period, but the increase was reduced to 9% and was mostly limited to women after age and sex adjustment. The age-period-cohort model revealed that the increase can be partly ascribed to a birth cohort effect, affecting women born before 1930.
Meaning
The incidence of amyotrophic lateral sclerosis is increasing in part because of the increase of the mean age of the general population, with a residual component attributable to a birth cohort effect in women.
among these 3 variables (the birth cohort can be determined by subtracting the age at diagnosis from the period of diagnosis), APC models are limited by an identification problem, which means that it is impossible to extricate the singular effects of the 3 variables. To estimate the independent effects of age, period, and cohort, we performed an APC analysis based on a Poisson regression model. 10 Through this approach, a drift factor can be obtained, representing the sum of the linear time trend for birth cohort and period: the term drift indicates a temporal variation of rates that does not distinguish the influences of 2 of the 3 temporal variables involved in the analysis. The eventual deviations from linearity can therefore be interpreted as cohort or period effects. Because ALS is extremely rare in young ages and few cases occur in the population older than 85 years, the APC analysis was restricted to the population aged 40 to 85 years. Birth cohort and period effects were given as rate ratios (RRs). The last period in our data (2010) was set as the reference period, whereas the 1930 cohort was set as the reference cohort. The APC effects were calculated for the total population and separately for men and women. The data analysis was conducted using the apc.fit function of the Epi package of R (R Foundation for Statistical Computing).
Statistical Analysis
The prevalence rate was estimated on December 31, 2014. Incidence rates were standardized on age and sex distribution of the 2001 Italian population with the direct method of standardization. The 95% CIs were calculated assuming a Poisson distribution. 11 Differences between mean values were assessed with the 2-tailed t test. Comparison of categorical variables was made with the χ 2 test. The capture-recapture estimation is calculated with the maximum likelihood estimator using the 2 independent sources of patient identification (neurologic departments and hospital discharge archives). All tests were 2-sided. P ≤ .05 was considered statistically significant.
Results
During the study period, a total of 2702 patients (mean [SD] age at onset, 65. Table 1 .
EEC at Diagnosis
During the study period, at time of diagnosis, 1305 patients (48.3%) had definite ALS, 844 (31.2%) had probable ALS, 142 (5.3%) had probable laboratory-supported ALS, 298 (11%) had possible ALS, and 113 (4.2%) had suspected ALS. There was no difference in the two 10-year periods, although there was a slight increase of patients with possible ALS (eTable 1 in the Supplement). Figure 1B) . Consequently, the adjusted RR for men to women decreased from 1.27:1 
Site of Onset and Diagnostic Delay

Prevalence Rate
A total of 479 patients with ALS were alive and had not undergone tracheostomy on the prevalence day (December 31, 2014), 
APC Modeling
The effects of age (plotted as incidence rates), birth cohort, and period (plotted as RRs) evaluated through APC analysis are shown in Figure 3 . The analysis of deviance for the APC regres- sion models indicated that the drift variable (ie, the linear variation of the incidence in time attributable to a birth cohort effect) is relevant in explaining the variation of ALS incidence rates over time in the overall population (age-period model for all cases: deviance, 4.6553; P = .03) and in females (deviance, 3.8821; P = .05) but not in males (deviance, 0.77215; P = .38). We found a birth cohort effect of increasing incidence up to the 1930 cohort; however, this finding was limited to women (eTable 3 in the Supplement). Neither the age-period model nor the age-cohort model was statistically significant (age period model for all cases: deviance, −3.6881; P = .30; age-cohort model for all cases: deviance, 3.0783; P = .38).
Capture-Recapture Estimation
The results of the 2-source capture-recapture method are reported in eTable 4 in the Supplement. The main source (neurologic departments) identified 2417 cases (89.5% of all cases), 420 of which were unique to that source; the second- 
Discussion
During the 1995 to 2014 period, the crude incidence rate of ALS progressively increased in the Piemonte and Valle d'Aosta regions by 14%. The age-and sex-adjusted incidence rates revealed a lower increase, almost exclusively in women. These findings indicate that the modification of the burden of ALS in the Italian population is mostly related to the aging of the general population, with a noteworthy deviation in women.
We found that this deviation may be ascribed to a birth cohort effect in women, with a peak in the 1930 cohort. The ALS incidence rates have been extensively studied in European and Far Eastern populations, 5, 6 whereas relatively few data are available from developing countries. 6 Available figures indicate a large range of incidence rates; however, this rate is reduced when considering only those epidemiologic studies that have used a homogeneous identification of cases and a prospective design. A recent meta-analysis 5 of the literature reported a median estimated incidence rate in Europe of 2.39, slightly higher than the corresponding estimate of 1.80 for North America. The age-adjusted incidence rate of ALS in Piemonte and Valle d'Aosta is among the highest reported in the literature, probably reflecting the accurate case ascertainment based on the collaboration of the neurologic departments of the 2 regions and the use of multiple sources of case identification. It is unlikely that the increase of ALS incidence observed in Piemonte is attributable to methodologic factors, in particular an improvement of identification of patients, because the sources of patients and the diagnostic criteria did not change during the study period and the capture-recapture estimation revealed a substantially similar level of ascertainment of cases during the entire study period.
Retrospective data on ALS incidence spanning at least 10 years are available from some geographic areas with conflicting results, indicating stability [12] [13] [14] [15] [16] [17] or an increase. 18-22 These differences are likely to be related to the largely different methods of case ascertainment, the assessment of different periods, and the use of diverse diagnostic criteria. Besides the PARALS, the Irish ALS register, which is the only prospective epidemiologic register that has been constantly active for more than 10 years, reported an increase of ALS incidence in the 1996 to 2014 period, limited to patients older than 75 years and without evidence of a differential increase in the 2 sexes.
23,24
Few APC studies have been performed in ALS ( Table 2) . Most of them are based on mortality data, which are available for long periods but have several pitfalls, including the change of ICD-9 classification of ALS and the limited accuracy of death certificates. All mortality studies [25] [26] [27] [28] found an increase in the mortality rate over time, and all but one study 26 reported a possible birth cohort effect in those born before 1920. To our knowledge, besides ours, there are only 2 APC studies 24,27 based on incidence data. A nationwide study 27 performed in Denmark reported a significant increase in ALS incidence rates in Denmark in succeeding birth cohorts from 1880 to 1920, with a subsequent plateau. As opposed to our study, a study 24 from Ireland reported an initial period effect but did not find a birth cohort effect, but data were not assessed separately for men and women. In our prospective, population-based register, we found a birth cohort effect limited to women up to the 1930 cohort, partly explaining the increase of incidence of ALS in women observed from 1995 to 2014 in Piemonte and Valle d'Aosta. The prevalence rate of ALS in Piemonte and Valle d'Aosta on December 31, 2014, was 10.5 per 100 000 population, one of the highest reported in the literature 5, 29, 30 and an increase of 34% compared with the prevalence rate on December 31, 2004 (7.9 per 100 000 population). 7 When including patients who had undergone a tracheotomy and who were alive at the prevalence day, the overall prevalence rate of ALS was 12.3 per 100 000 population; this rate can be considered a measure of the disease burden of ALS for the health and social system. Several reasons for the observed increase in the ALS prevalence rate between the 2 estimates of 2004 7 and 2014 (present study) can be considered.
First, the observed trend is partially explained by the increase This observation indicates that even for a disease with as short a survival as ALS, long-term epidemiologic studies are necessary to fully identify the whole prevalent population. Third, an increase of patients' tracheostomy-free survival between the first and the second decades of the study could be also a factor. During the study period, we found an increase in the mean age at onset in both sexes, which was partially attributable to the increase in the mean age of the reference population. This observation confirms the hypothesis that the mean age at onset of ALS is directly proportional to the life expectancy in the underlying population 31 and that ALS incidence and prevalence rates are directly proportional to the median age of the reference population. 5 Our finding also reinforces the recent estimate of an increase of the number of ALS cases across the globe in the next 25 years, particularly among developing countries, mainly as a result of the aging of the population.
32
The site of onset of symptoms did not reveal any modification in women, whereas a significant reduction of the number of bulbar-onset cases was found among men. Regional differences in the distribution of site of onset of ALS have been reported in a study 33 that compared 6 European prospective registers for the period 1998 to 1999, with the highest frequency of bulbar-or generalized-onset cases in Ireland (46.7%) and the lowest in Apulia, Southern Italy (26.1%); however, it is possible that these differences are related to a different modality of classification of onset. There is no obvious explanation for our observation, and no long-term data on ALS site of onset are available in epidemiologic studies.
From the pathogenetic point of view, the relative stability of incidence rates points to a strong genetic background of ALS. However, the birth cohort effect identified in women highlights the role of exogenous nongenetic factors. Notably, in Italy, the cohort of women born in the 1920s is the first to have profoundly modified their lifestyle, for example, having started to smoke cigarettes and having been diffusely engaged in physical activities, including manual work, 2 possible risk factors for ALS. 4 Further studies on the differential action of environmental factors in the 2 sexes will help to elucidate this aspect. The strong increase in the ALS prevalence rate in Piemonte and Valle d'Aosta in the last 2 decades underlines the increasing burden the social and health systems have to face in the next future for the caring of this terrible disease.
Limitations
A possible limitation of this study is that the observed modification of ALS incidence could be attributable to a differential identification of patients during the 1995-2014 period. However, the remarkably stable capture-recapture estimation during the study period indicates that ascertainment of cases did not significantly change.
Conclusions
From 1995 to 2014, the crude and adjusted incidences of ALS increased in Piemonte and Valle d'Aosta, mostly in women. The APC model revealed that the increase of ALS incidence is attributable to a birth cohort effect in women, with a peak in the 1930 cohort. The different increase of ALS incidence in men and women points to an effect of exogenous factors with a differential effect on the 2 sexes, acting on a genetic background. 
